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PRETFACE

This report was prepared by Austin Kovacs, Research Civil Tinrine=z-,
Foundations wnd Materinls Rescuarch Branch, Erxperiment:l Enrincerlnage
Pivision, and Ronald T. Atkins, Supervisory Electronics. Engineer,

Technical Services Division, U.3. Army Cold Regions Research and Enginescrizye
Laboratory (USA CRREL).
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The work covered by thic report was performed under DA Pro’cct

1716231124130, Cold Regicns Research, Work Unit 001, Milizery Arcrore-e: i
Frozen Materials; and DA Prcject LKOTB012AAM1, Engirceringz Criteris Tor
=3

Desira and Construction (Cold Regions), Work Unit OOk, Cold Wer
Construction.

The conternts of this revort are not to be used Tor advertisln.«,
oublication, or promotional purposes. Citation of trade names do
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ITNTRODUCTION

Rapid deoployment of military nardware such as artillery base pluatco,
communication towers, and a wide variety of sirultures recuires the nro-
vision for expedient anchorage. This provision is often divficule, IF
not nearly impossible, for troops to achieve when overating over “rozer
ground 2nd has made necessary the investigation of numercus devices :
would be cupable of driving anchors into & wide range of s0il tyoves ir-
ciuding Trozen ground. '

In the early 1960's, consziderable effort was made to evaluadte comrorg
tools and to develop new concepts Tor the driving into, and retrieval o
anchory from, frozen and unfrozen ground. Studies were conducted oy, O
performed under contract to, such U.3. Army agencies as Rock Island Arsen=zl
Natick Laboratories™, grgngford Arsenal”, and the Electronics Research and
Nevelopment Laboratory °7° In the late 1960's, additional werk was
undertaken by the U.S. Army Engineer Waterways Exverimen:t Statiocn® and Iatora-
tery  evalualion of a resonant stake driver concept was funded by latick
ivboratorias™. Overall, the drivers considered ranged from the simpis To ke
exonic, as seen from the Tollowing list:

[ Sledge hammers

2. Impact hammers

[}
!

4. gasoline drivers '
. dlesel powered

.  Pneumatic

electric

v. Pprooellant zctuated

o

! 3. Alrers

2. hand turned

. gasoline driven

c. Dpneumatic

d. electric

e. rocket Lropelled '

. L. Sesonant drivers

eccentric weight cseillutor
. preumatic piston naotuator
o. Thydraulie piston actuntor

. electroviscous riuid actuator
o. magnetic fMluid setuator
.1, plezoeloctriec exciter
~a. electrastatic oxciter

n. elcotromagnetic exciter
1. maynetostrictive exciter




In addition tc the above, the shaved charge was evaluated for pro-
ducing in frozen ground holes in which stakes could be inserted or easily
driven. The vacuum plate concept, adhesive bonding, and heated steake
{ for thawing frozen ground) were mentioned by some investigators tut not
seriously considered.

None of the concepts studied have, to date, become line items
xcent for the sledge which, although long a tool of the military,
nas proved to be inadequate for driving anchors in frozen ground.

In 1969, CRREL initiated a study titled, "Military Achorages in

Frozen Materials." Tt quickly became apparent that sustained interest

bv user agencies still existed as evidenced by continuing recuests fer
informaticn on methods Tor driving anchors in frozen ground. It was

decided to make another attempt to fill this need with a man-portable
tool. From a review of the findings of the previous studies, it was

decided to test newer, more powerful versions of commercial ecuipment
nreviously evaluated and rejected to determine if these improved tools

ould satisfactorily drive the military GP-112/G and GP-113/G stakes and
the 3, L, A and 8-in. arrowhead anchor into frozen ground. In addition,

it was decided to try the MXG321( -)/G (Ballistic Hammer) developed for

the Electronics Research and Development Laboratory as this device anneared
to be cavable, not only of driving, but even more imvortantly, of refrievinc
GP-112/G stakes from frozen sround. The findings of a literature survey

or the invest lgatOTb 120 indicated that a high-freguency hydraulic

piston- abt”atgd stake driver-retriever would have a2 very hirh chance ol

ess. A contract was thererore let covering the develovment of
st—;envraflon, hydraullc uthe driver-retriever.

o)

_ ”h)“ revort covers the ability of the Ballistic {umme‘, sereral'
Cﬂmm:rc1" hreaker-rock drills, and the first-generation 1

drivereretriever to drive anchors into frozen and unfrOacn ﬁround. The
Y . . C N
tomls eviluated may be classed as impact drivers. They differ from one

“another in the way the ran velocity is developed. The hydr k!
driver-retyiever's ram I8 oscillated by hydraulic ovressure. The se
rontainéd internal-combustion-enpine breaker-rock drilils unu the el
rocx breaker. develop hlow energy from the velocity of a loating ram
pronellc@ by. wn internal piston. The Ballistic Fammer's ran is ac
rearcd from the 1gn1tloﬂ of nowder in a 30-caliber grehade launche
ntr\rtuge b;nra.

BALLTSTIC HAMMER

el

o .
Phe MYGE010 )/0 Ballistic Hammer was doveloped undelt 20atraet
Phee 10 Army Fleectronics Research and Development Luaboratory, now the




U.S. Army Electronics Command, by Aircraft Armaments Inc.Y’ 8,9 An
assembly drawing of the hammer is shown in Figure 1. The upper body of
the hammer incorporates a standard militarv 30-caliber carbine actlon
without the stock and the majority of the barrel. In the Ballistic
Hammer, high pressure gas, resulting from the firing of grenade launcher
cartridge blanks, propels the L-1b hummer to a velocity v of 116 ft/sec

against the head of a stake. The corresponding kinetic energy K vner
blow is:

K = 1/2 mV2

0.5 (4/32.2)116°
835 ft-1b

'
]

where: m = hammer mass.

Repetitive dvnamic loadings are achieved by successive firings
until the stake has been fully driven or the cartridge clip has been
emptied. Extracting a stake requires a retriever adapter, which must be
locked onto both the stake head and the base of the driver. Figure 2 i
shows several views of the Ballistic Kammer as it is used to drive ana 3
retrieve GP-112/G and GP-113/G stakes (Fig..3, 4). Note the adapter
used during stake retrieval and the awkward position the operator must
assume during its use as shown in Figure 2b. A closeup of the hammer on
ton of a partially driven GP-112/G stake is shown in Figure 5.

L A P A e

The Ballistic Hammer was first tried in unfrozen silt behind the.
CRREL facility in Hanover, New Hampshire, on 10 December 1969. The silt
had an average bulk density of 110 1b/ft~ and a moisture content of 22%.

RIS PACT R SIN RN R 5

The hammer was.used to drive the GP-113/G stake vertically, as
‘illustrated in Figure 2a. Four stakes were driven, each to a depth of A
3 ft. The average driving time was 3 min. An average of 6 clips or 90 3
rounds of blank cartrideges was used to drive each stake. Jamming of
‘spent cartridges occurred approximately twice during the driving of
each stake. Had this not occurred, it is believed that the stakes could
‘havé been driven in about 2-1/2 min, :

Thg‘stakes were extracted with the Ballistic Hammer in an average

of ‘1 min 40 sec.using an average of 50 rounds. While the driving of
each stake was relatively effortless, the retrieval of the stakes was
very. fatiguing because the driver had to be held against the stake lip

" by the operator during the exercise. This undesirable asvect, together
with the dynamic forces transferred tc the operator and the large number
of blanks needed to both drive and retrieve GP-113/G stakes from unfrozea
sround, resulted in a lack of enthusiasm for the tecol. However, one aspect
found valuable was-the hammer's abilitv to extract the OP-113/G stakes. The
stakes could not be removed With n sledge hammer slamming against the side
of the stake ar 18 often the vractice of troops in the field,
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(b)

(c)

a. Emplace Stake GP-113/G
b. Retrieve Stake GP-113/G
c. Emplace Stake GP-112/G
d. Retrieve Stake GP-112/¢

e. Emplace Stake GP-113/G at
approximately 30"

FIGURE 2. Typical employment modes for the Ballistic Hammer




FIGURE 3.

GP-112/G ground stake

| 3/4“ Steel Tubing

FIGURE 4.

GP-113/G ground stake




FIGURE 5. Ballistic Hammer set for driving on top of a GP-L12/G stake

In April 1970, the hammer was field-tested in Fairbanks, Alaska. The
hammer was used to drive GP-%IQ/G stakes into -9°C silt (bulk density 88
1b/ft >, dry density 60 1b/ft~ and moisture content L7%). When the stake
reached a depth of 9 in., the harmmer when fired would simply bounce off
the stakehead, imparting painful forces on the operator without any
additional stake penetration occurring. Reaching this depth took 2-1/2
‘min of driving time and the. expenditure of 55 rounds. As a comparison,
the same size stake was driven its full 1l-in. embedment depth in less
than 1 min. using an 8-1b sledgehammer.

. In short, because of its inability to drive the GP-112/G stake more
.than 9 in., the fatiguing forces placed on the operator, and the large
logistic propellant requirements, the Ballistic Hammer is not recommended
for further consideration as a stake driver in frozen ground. However,

for a stake retriever, the provellant extraction principle seems worth
pursuing. The stakes driven by the Ballistic Hammer and the 8-1b sledge

~ could not be broken loose and removed after 5 min of .abusive lateral imract
from the 8-1b sledge. The Ballistic Hammer, however, was capable of re-
moving a GP-112/G stake, embedded 11 in. in the frozen silt, in 9 sec, using
eleven 30-caliber carbine blanks. Where stakes embedded in frozen ground
must be ranidly removed from artillery base plates, to allow quick rede-
ployment, a lightweight propellant-actuated device should be considered.
“First -generation propellant-actuated stake retriever§ Baxe veen fabricated
by Frankford Arsenal and by Aircraft Armaments Inc. *7 ' Further work in

this area could lead to a,GP-112/G frozen-ground stake extractor weighing
about 10 1b. '
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GASOLINE-DRIVEN PAVEMENT BREAKERS

Gasoline~-driven pavement breakers are self-contained 2-cycle internal-
combustion-engine machines, which typically weigh between 29 and 65 1b.
Built of lightweight, high-strength materials, they are manually portable
and are now used worldwide for such tasks as performing demolition work,
exploring soil, compacting soil and ballast, driving small piles, and
breaking frozen ground. Many of the machines now come with a switch-over
lever which permits the unit to be quickly changed from an impact-breaking
mode of operation to an impact-rotation mode for rock drilling. The tools
can be typically operated at 45° above the horizontal.

Pionjar BR-80

The first machine tried was the Swedish-built Pionjar BR-80. A cut-
away view of the tool is shown in Figure 6. By studying this drawing one
can quickly grasp the overall assembly and mechanical operation of the
tool. The unit has a dry weight of 62 1b and is rated at 26.9 ft-1b per
blow maximum.

This machine was demonstrated at CRREL on 19 Nov 1969. It was first

‘used to drive 1-3/b-in.-diam GP-113/G stakes into unfrozen Hanover silt to

a depth of 2-1/2 ft. Driving time varied from 60 to 70 sec.

At the samé location a GP-113/G stake was driven with an 8-1b sledge
to the same depth. The stake was driven by an experienced man in 2 min
20 sec at a constant rate of 1 blow each 1.5 sec. A total of 93 blows were
required. At the end of the sledge driving test, the head of the stake

"wasﬁfound‘to be deformed, whereas the stake driven with the Pionjar hammer

was undamaged. While driving the GP-113/G stake with the sledgehammer took

1, only twice as long as it did with the Pionjar, it was quite obvious that
‘the sledgéhammer operator was tired and could not be expected to repeat the

performance without a rest. The Pionjar could be exnected to undertake
renetitive stake driving withcut delay. Tt should also be pointed out that
an”inexpefiencedzmah could not be expected to wield the sledge as fast as
an experienced one and therefore could not drive the GP-113/G stake as
quickly. o o O

Once. driven, the stakes could not be loosened for removal by hitting

them on their sides with the 8-1b sledge. A pick and shovel were required

to remave the.earth arcund each stake in order to free it., This points out
that while stakes can often be driven into hard ground with a sledgehammer
or by a mechanical device in a short time, the task of removing them is not
as ensy.

PPN



wrarmy £, Cytaway view of the Tiontar nR.8n hreaker-rock Arill.
'Mapnfarturer, Fergman Porr, Jolna, Cwelden’
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The Pionjar BR-80 was used next to drive GP—ll%/G and CP-113/G
stakes into Manchester silt (bulk density 113 1b/ft~, water content 16%,
frozen to 20°F). The GP-112/G stakes were driven 12 in. in 10 to 15
sec. During this driving, the soil around the stakes was thawed as a
result of friction develoved between the soil and the dynamically loaded
stake. The thawed soil was gradually forced up to the surface as the
stake was driven forward to occupy the space left by the displaced soil.
When the soil refroze around the stakes, they became firmly locked into
the soil and could only be removed by thawing of the soil.

The Pionjar BR-80 was also used to drive GP-112/G stakgs into
containers of saturated Ottawa sand (bulk density 123 1b/ft~) frozen
at -20°F. Samples of saturated Ottawa sand were selected for the test
because it was believed that if GP-112/G stakes could be driven into
this highly resistant material at -20°F, they could be driven into
virtually all frozen nonrocky soils that troops might encounter in the
field. The stakes were driven in less than 1 min. Again, thawed material
cozed up along the stake onto the surface while the stake was being
driven. -

AnotHer ancher driving performeh with the Pionjar BR-80 was as
follows. At CRREL, 1-5/8-in.-0D, 1/8-in.-wall open-end pive was driven
" through a laver of l-in. crushed stone fill (1 to 4 ft thick), then
through &2 ft of frozen silt into unfrozen silt. Pile lengths varied

from 3 to 7 % depending upon the depth of crushed stone to be penetrated
.to allow =2 ft of pipe embedment in the silt. The pipes were used to
‘provide lateral stability to a bx6-in. timber sill upon which a large
portable ATCO steel building was erected. Most of the pipe anchors were
“driven without difficulty in less than 2 min. Some pives, however,
encountered a rock or other obstacle which increased driving time two to
three times and on occasion required a second or third man's weight

- pulling down »n the Pionjar hammer.

Several 3/4-in.-diem, h—?t-long reinforecing bars were also driven
through the material described above. In each case, the bar was easily
driven in about 1. min.

.Also, gt the CRREL site, 6-in-wide arrowhead anchors were vertically
driven fnto the frozen silt. A sketch showing the general configuration
. of these-anchors and how they are normally installed and often used is
presented in Figure 7. The anchors quickly penetrated the stone £ill but
slowed abruptly when contact was made with the frozen silt., Tn fact, 5
min of hard driving was often. necessury to drive these anchors to a depth
of 18 ip. inteo the frozen silt, Recause of anchor cable limitations, the
anchors were not driven through the frozen layer. As a result, when the
anchors were nreloaded the frozen soil would not allow them to turn to a
harizontal plane an required, Instead, the anchors simply slid uvward in

10



the soil cavity formed during their penetration. Therefore, these
anchors could not be preloaded to fully utilize their holding capacity
unit the soil thawed in the springe.

IO I B e

FIGURE 7. The arrowhead anchor

The tests using the Pionjar BR-80 as a rock drill were minimal. Tt
was found that the tool could drill a 1-1/k-in.~diam. hole in Rarre rranite
at the rate of 6 in./min. The unit was found unsuitable “or 4rillinF holes
in frozen ground because the soil at the tiv of the drill red would turn to
mud and could not be blown out of the hole by the air leavines the tir of the
drill rod.

The Pionjar BR-80 has the capability of Arillines heles in rock and
this is important to the military. Troops can arive stakes in hari rrouni
with these tools and can drill holes in ledge for the insertion of stakes
or rock bolts to tie down artillery base plates, tower:, ete,

The last anchor dr%vinp trials using the Pionlar were made in 25°F silt
(bulk density 110 1b/ft~) at a Fairbanks, Alaska, test site. Both vire and

arrowhead anchors were driven. Mne pivre tvre was a 1/b-in.,-wall, 2-in.-diar.

casing open on each end; the second pive type was a 1-1/0-in.-diam.

open-end electrical conduit. T™he 2-in.-diam. pipe was consistentlv driven
to a devth of 3 ft in approximately S min, while the 1-1/2-in.-diam. conduit
was driven 7 ft at a rate of 1 “t/min.

Three-, four-, six- and eight-in.-wide arrowhead anchors were driven
to a depth of 2 ft in average times of 0.75, 1.05, 1.L and 3.9 min respec-
tively. Tt took 3 min to drive n A-in. arrowhead anchor to a devrth of 3 ft.
Tt is clear from these elansed times that a considerable amount of energy
was expended in driving these anchors. The energy mayv be calculated as
follows: the engine runs at 2500 rom, which is also the internal hammer

11
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blow rate. The tool is rated at a maximum of 26.9 ft-1b/blow. In 1 mirn
the tool can put out a maximum of 67,250 ft-1b of energy under hard
driving conditions. To drive the 3-, L-, 6- and 8-in. arrowhead stakes
to a depth of 2 ft may have taken respectively 50,400, 70,600, 94,200
and 252,300 ft-1b of energy. However, these values are undoubtably
high when energy losses are taken into consideration. The actual value:z
may be as much as 507 less. These values clearly show that & large ex-
venditure of energyv is necessary to drive arrowhead anchors in frozen
ground and heln to explain why troons find the driving of stakes in
frozen ground with sledge hammers both difficult and very tiring.

Atlas Copco Cobra

The Cobra is another Swedish-made breaker-rock drill. Tt weighs SA
1b, or & 1b less than the Pionjar BR-80, and is more comnact; however, it
does proiuce several foot-pounds less imnact energy. A cutaway view of
this tool is shown in Wigure 8.

The Cobra tried was not operating well on the day it was used. Never-
thelesr, it is fair to cav that the tool was not cavable of matching the
Pionjar blow for blow in iriging GP-112/G stakes into saturated Ottawa
sand (polk density 123 %b/ft } frozen at -5°F or saturated Manchester silt
(tulk density 116 1b/ft”) frozen at 25°F. TIndeed, this would not be exr=cted
because, as pointed cut atove, the Cobra is a lighter, less powerful tocl
than the FPionjar.

The Cobra was able to drive NF-112/% ztakes inteo the frozen Ottawa

sanl in 4bout 1 min and into the frozen Manchester silt in under 20 sec.
Thes: 1rates are considered quite acceptable.

Maruzen Mini-75

The Maruzen Yini-=T75 is made in Japan and is the lightest breaker-r-rx
4rill tried., The unit has a1 dry weifght of 29 1b and can be overated at any
angle. A cutaway view o€ this tool is »nresented in Figure 9. The Mini-"%
was used at CRREL to drive GP-112/1 stakes into saturated silt and Nttawa
sand frozen at 15°F. The tool was ©ound very ineffective in driving threce
stakes. As a result, the Mini-75 is not recommended for driving military
stakes in frozen ground.

Maruzen alse makes the Maxi VL-100, 2 lareer (5F-1%) unit which vae
not tried. However, judeing from the specifications ~»n this unit one ~un
exnect that its performance would place it in the same capatility class as
the Poinjar and the Cobra.
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Fuel tank of ight ailoy

Motor-compressor piston designed for doube
action.

Suction valve (right) and delivery valve (left)
of the built-in compressor.

Torsion bar imparts rotary movement from the
crankshaft to the drill steel.

Impact piston moves freely in the cylinder.

Selector handle for changeover to driiling.
breaking or idling.

Pawl feed.

Spark plug. The spark plug cover seals per-
fectly to prevent escape of cooling air.

Turbo type fan forces cooling air to all vital
points.

Floatless carburettor ensures foolproof run-
ning - even at 45° above the horizontal.

. Top-mounted throttie control gives full power

in working position; returns to idling auto-
matically when hand pressure is released

Recoil starter.

Air filter ensures clean air to both engine and
compressor.

Tt W

(Manufacturer,

T
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Atlas Copco, Inc., Hackensack, N.J.)
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Wacker BHF30

The Wacker BHF30 is an American-made tool weighing 65 1b. It iz
repcrted to be the most powerfal tool on the market at a maximum enervy
outrut of 30 ft-1b/blow. However, its blow rate is only 135G/mirn, or
nearly one half that of the Pionjlar, Cobra or “Maxim ML-100. There i=
no reason to believe that this unit cannot drive, for examnle, the 5F-
112/G stake in the same soils as did the Pionjar or the Cobra. The only
exmtectation iz tnhat the driving may take slightlv longer, again btecause
lesz energy is being delivered per unit time. The unit is shown in
Figure 10.

ELECTRIC DEMOLITION HAMMER

The Power Sledge Electric Breaker (No. 5026) is manufac+turei b
Rlack and Decker. It weighs 63 1b, runs on 120-V current, and nrodu~:zs
60 ft-1b/tlow at 610 blows/min. A vhotogravph and breakawayv view of the
tool are shown in Figure 11.

Time did net nermit an evaluation of the ability of this tcol *o
drive GP-112/7 stakes into frozen soil. The tool was used to drive -nly
the 1-1/8-in. chisel-point shank shown in Figure 11 into Hanover siit
(bulk density 114 1v/ft”) frozen at -0.5°C in less than 15 sec. This
driving was performed only to verify that the tool was overatinnal when
received in ~he the sprins of 1973. Purther testing ic needed; however,
from the limited use of the tool, it is believed that it will be more
than -apable of repeatedly driving 0P-112/4 stakes into hard frozen
ground.

HYDRAULIC STAKE DRIVER-RETRIEVER

During this review of the various methods that have heen triei .r
could be used to drive stakes into frozen ground, it became avraren* *ha*
more than just a stake driver was needed. Indeed, it was learned +hat,
although troons could often drive stakes into hard or frozen grouni (wi*)
considerable effort), they could not extract them. From Mr. Lione of the
Mechanical Structures Branch at the U.8. Army Electronics Commard, it wasn
learned that Signal Jorps troops are often unatble to retrieve rsuy :takes
from hard or frozen .round. Thus, when troops are forcea to abani»srn “ne
site for another, thoy are at times unable to set uvn their communi:ation
towers at the new sive because they wire unable to retrieve their -uy
stakes at the first site., This protiom also places an additional »urien
unon the support sys*em that must brine a new supply of stakes tc -he
front line,

e




UTILITY BREAKER
MODEL

® Medium Duty Breaker
® 554 Air Equivalent

® Breaks up to 8~
of Concrete

©® 30 ft. Ibs./blow

® Steel Cased
Percussion System

® Shock Mounted
Operator Handle

FIGUPF 110. The Wacker BHF-3N breaker-rock drill
(Manufacturer, Wacker Corp., Milwaukee, Wic-~onair)
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The B&D ''Checkpoint System™
automaticaily shuts oft Heavy-duty motor

regis1s vibration
the hammer to remind perates at hgh

operator that cieaning fomperatures
and preventive marntenance

are recommended tot the uttimate

Sealed unit

Shoce-mounted nanoles

n operator comtort

keeps dust out
ot the mechamsm

Utilizes standard
1%" hex accessories

Heavy-duty torged
tool retainer

together with other fiting e

gives top relabiity

Automative piston £xterna’ easy-to-get-at

ruggedly designed parts conven-ant regreasing

-

FIGURFE 11. The Vower Oledre Flectric Rreaker (Manufacturer,
Rlack and Decker Mfe. Co., Towson, Maryland).
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A similar problem exists when 105-mm and XM102 howitzer base plates
are staked to frozen ground. Here, the driving of the stakes has been
found very difficult, but the retrieval has often been impossible on
short notice. As a result, the base plates have had to be left behind
when the howitzers were moved. This restricts the ability of the military
to redeploy this equipment rapidly if rew base plates and stakes are not
in immediate supply.

As a result of these findings, it was decided in 1970 not onlyv to
try commercial tools for driving stekes into frozen ground, but to explore
the possitility of developing a lightweight hydraulic stake driver-retriever,
It was also envisioned that such a tool could be used to punch holes in
frozen ground for inserting a wide assortment of military devices as well
as for obtaining cores from frozen and unfrozen ground and submarine soils.

Funding limitatijons precluded a major design and development propram.
Therefore, our specifications to industry were minimal in order to allow
the flexibility in design which each firm might find necessary to achieve
the overall objective. The statement of work to industry was as follows:

"Provide labor, materials and engineering for the design, fatrication
and field test of a hand-held, hydraulically-operated stake driver-retriever
as per the following specifications.

"The tool shall consist of a hydraulic vibrator with appropriate
mandrel to accommodate both rigid and loose {1/32-in. play between stake
and mandrel) attachment of a standard Military GP-112/G ground stake and
shall include a portable hydraulic power supply driven by an internal-
combustion engine. The hydraulic vibrator shall be a hand-held unit not
weighing cver 80 1b. The power supply shall not exceed 100 1t in weight.

"The frequency range of the vibrator shall be variable up to 300 Hz
and have a dynamic load range from 500 to 3000 1b. Operation of the tool
shall be controlled at the handles and the controls shall include an on-off
lever and a frequency-range selector. The handle shall be isolated from
vibration to avoid operator discomfort. The overall system shall be com-
pletely operable over the temperature range of -40° to +30°C. The vibrator
shall be capable of underwater (salt or fresh) operation to a depth of 300
ft and to an altitude of 10,000 ft above sea level. The vitrator shall be
sealed for overation under severe wind, rain, mud and dust conditions. The
hvdraulic lines shall be functional and flexible at -L3°C, have quick dis-
connect couplings and be 25 ft in length.

"Prior to the accentance ¢ the system, the hvdraulie tool shall be
tested and evaluated predicated upon stake driving trials held at the
manufacture's facilities. The trials shall be witnessed by A. Kovacs »f
USACRREL #2nd shall demonstrate the unit's carability of drivings the D=
112/G stake 12 in. into saturated ASTMC-109 Ottawa sand at -10°C ana into
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80 to 90% saturated silt at -10° and -23°C. Driving time for each stake
shall not exceed U5 sec.

"Once driven, the stakes shall be allowed to "freeze back" for 15 to
20 min. The tool must then be capable of extracting each stake in 30 sec
or less. The hydraulic system shall also be cold soaked at -L0°C in a
cold box and then started to verify its operational capability at this
temperature.

"Upon successful completion of test and evaluation, the tool will be
accepted and used by USACRREL for further feasibility studies aad evaluation.'

Clarification discussions were held with vpotential contractors, and in
November 1971 a contract was given to the Team Corporation for the design
and fabrication of a first-generation hydraulic stake driver-retriever
system. What may be considered a breadboard model of the first generation
tool is shown in Figure 12. This tool weighed approximately 65 1b and was
used to evaluate the unique valving system for activating and controlling
the frequency of the floating piston-ram. This model was also used to deter-
mine if the force output of the tool was adequate for driving GP-112/G stakes
in L% sec into saturated ASTMC-109 Ottawa sand frozen to -20°C. A view of
this driving is shown in Figure 13. Note that the thawed sand-water slurry
was displaced by the stake during driving.

The breadboard model tests revealed that certain deficiencies existed
in the tool's valving motor and that the tool's driving force needed to te
increased if the GP-112/G stake was to be driven within the time frame
specified by the contract. As a result of lessons learned ‘rom the treai-
board model, the Team Corporation decided to make a number of changes whish.
resulted in a lighter, more powerful tool. To achieve these advantages, i+
was necessary to reduce the frequency range of the tool from 20 %o 350 ¥:-
to 20 to 300 Hz and increase the viston-ram weight. The piston-ram velo-itv.
however, remained high. This guaranteed that a high energy per blow ‘maximur
velocity) would be maintained at the highest possible frequency rate.

A cutaway view of the first-generation Hydraulic Ctake Driver-Ratriover
(HSD-R IT) is shown in Figure 1L. The body of the driver is apnroximete
14 in. lony and 5 in. square and has a wet weight of 47.5 1b. A uorting
and filtering manifold is shown attached to one side. Details of the vo've
shaft are not shown as this unique sy-lLem is quasi-proprietarv to the Te.um
Corporation.

The HUD-R I1 works on the princivle of alternating pressure and flcw.

™e flow nut of the valve is ronstant because of the unique rotary valiving.
When the valve rotates, the pressurized hydraulic fluid operates alterna‘ely,
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FIGURE 12, Breadboard model of the Hydraulic Stake
Jetriever (manufacturer, Team Corp, South F1 Mont.

Driver-
Ualify,
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FIGURE 13. Driving GP-112/G stake into saturated frozen (-20°C)
Ottawa sand.
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Left Handle
Right Handle
Roll Pin

Lever Bracket
Lever

Cartridge Rod
Cartridge Valve
Dragon Valve
Idler Gear
Driving Gear
Motor Plugs
Piston

Valve Shaft
Center Plate
Motor Plate (Bottom)
Motor Plate (top)
Manifold

Top Plate

Upper Housing
Lower Housing
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Bal Seal

Teflon "O" Ring

Straight Thd. Long Connectors
Rod Wirer

Front Piston Seal

Rear Piston Seal

Bal Seals

"
"
"
"
n

"

Parker "O" Ring
Set Screws

ESNA Nuts

Studs

Handle Cap

Knob Bushing
Valve Adj. Knod

Cutaway view of the Hydraulic Stake Driver-Retriever II.




Sireloon oone citie then on the cther side off o collor cxbendin: Pros .
piotua side in Figure lh.  Tnis is acconplishea throurh the siotted
rotating valve shaft alternately ali-ning with the control poris on crcn
side ¢ the piston. Since the aren o7 the valve slots i fixed, the
fMow per unit time remains constant. I the velocity of the valve
is increased, the slots spend less time aligned with tie control porns.
Recause nore slots are passing ver unit time, the average flow to the
remnins constant. The decreuse in alignment time, however, does reducue
he volume of fluid nececsary Lo achleve maximum peak-to-peak aisztlic
Thus, ag frequency increares, the double amplitude o tha Dlth'—r&Y L
creases. The Tfrecquency of the piston-ram is adjusted by a thumbscrew on
the handle of the hammer. The advanta"e of this control is tha: durin:s
stake driving or retrieval zhe requency can be chanred to zult eractly
the best tool response for the parulcular soil conditions.

+-
L
"

Oriminally, it was planned to have the stake rigid

ly aztachea to

niston. Tt is obviously important Yor this coupled mode of orperatlion
the weipht of the accelerated parts, i.e., the piston (3.2 1b), adants
£L.15 1o, that part which is threaded onto the base of the risten and
which the stake is azitached), and the stake (3 1b) be kept as low as
nnoaidble relative to the reactive mass, i.e., the body of +the driver. Tor
the HED-R 1T, the.ratio of the accelerated to reactive parts is approximetell
1 te S, which wa.s considered accevitable. ”be reactive force is increased <o
an unknown. amount by the bias Torce apnlied by the cverator. Theraleors | 4o

averall Torce available to drive a stake in the coupied mode includes the
buuu veisht applied by the operator, the weight of the tool, and tho aynexic

force produced Yy the ram.

~

. ; .

The reason Tor driving with a rigild piston-stake coupling was dre
upon the belief ithnt nigh-frequency exial excitation of the stake woul
du&elviscﬂﬁs ”“;cmionﬂbetwmﬁﬂ “he stuke and the soil by keeping the so
a guasi-fluidized state. This would enhance encrgy wransfor to the siztc

.nin where the c“oﬂwv iz necessary to displace the soil. 1Tt was also xacwn
tnnt conventional vipratory pile drivers {niles are ripidly Tixed %o zhs

driver) oo at their b@ot in granular materials and that, by freguency varias
speetawuiar drd vinge rates ave possible. Even in the stiffest clayr, rood
driving results arv'possib;e iS the driver is operated ot a Troguensy best
sujted Tor that particuiar site. Therefore, by direct coupling, ana Siven
the ability to vary the ‘requenci, the investigators hoped to 100X into
state ol soil-stake excitation, resulting in the higheost rossible Sstiwe Tola -

Cteanion teroany s0il condition encountered.  Anovher reason Tor »isidiy

attrenias £he ot akd to the ram was o elininate damace o Lhe stake hedld,
oweren hnsd Lhe deivines, and to reduce the noise asscciated with all iomvaess

duloens,

.

. . o S e e C ot e e At
Tnoway beosummarized here thow Lo HED=R T ald not drive she o=
) N M AU N N Py N Y N
ctadle cablatactorily when Lhe stake wae ricidly stlaochod to o the olstoun,
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dreiving time was far above tnat specified by the contract, i.e., 12-in.
cmbedunent in bS see or less. This may be explained by the fact that in
resonant pile driving the double amplitude of the pile tlp nlays a very
important role. All other factors being equal, the double amplitude of
the nile tip not only controls the rate of penetration, but also whether
or nct penetration will occur at all. If thesé findings are applicable
to ESD-R II rigid coupled stake driving, for satisfactory penetration
rates it is necessary that the stake double-tip amplitude be at least
0.15 in. and perferably nicher than 0.20 in. As will be shown later,
this amolitude was not achieved at frequencies above 100 Hz, i.e., at
the higher rrequencies where it was anticipated higher penetration rates
would occur as & result of more energy output per unit time.
Poor driving results in the rigid coupled mode may have also occurred
as a result cf ewergy losses between the stake and the "fluidized" soil.
The driving friction vetween the stake and soil is in the form of viscous
friction” and is on the order of L0 to 95 1b sec/ft~ for steel against
saturated sand. Tre units are damping per unit of embedded area. The effect
of this friction is as though the accelerated mass had increased, thus re-
ducing +he ratic of the accelerated parts to the reactive parts. As a
result, more energy is diverted from doing useful work with the stake to
moving the “eautive mass The effect is also to cause the system to go
out of resonance, a sﬁbject to be covered in greater detail later
The ¢ooselv couvled mode of ocperation allows the vpiston to impact the
stake head, repetitively at up to 330 Hz, the frequency being easily adjusted
©.. by a thumbscrew on- Oﬂchaﬁdle of the “SD-R II. In the imvact mode, the ram
:Hﬂs a-given enerzy aV¢1¢able for transfer to the stake. This energy & 4is of
course,_ a flnetion of )iston velocity V and weight W and may be determined %
5= Wv© /cg whevre g is the gravitational acceleration. The total amount of
eneryyy avallable is not necessarily transferred to the stake and certainly
‘not <o the tip where worx must be done to displace the soil. This is due to
a ioss of energy occurring durings energy transfer from the piston to the
stake head - 'as 2 result of imperfect contact and friction in the coupling
head and to the friction developed along the stake/soil interface. Therefor:
the Torce available to drive the stake iIs a direct function of the overal
- dynamic response o the driver-stake-soil system. While no effort was ms
to determine tha through Torce to the stake tip, the force produced at cne
level: of no load bench overation wac determined and the results were ¢
T the manufacturer. This evaluation is nresented in a fel

}_:

"

. H N >
The hydraulic power sunnly for the HED-R II is shown in Figures 195 and

14, Tt has a wet weigsh® 99 1v without the murfler, wnich is not shown.

RY

ooy

The Trame, oll *ank, and gas tdnk are all fabricated cut of aluminum and
hard coat anodized. The gas tank is mounted above the reservoir tank or t{he
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FIGURE 15. Hydraulic power supply for the lvdraulic Stake Driver-Retriever I1.
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hydraulic o0il. The reservoir tank is ported to the hollow frameworx. This
extra porting adds to the total oil volume and can provide appreciable extra
cooling when the device is set upon ice or frozen ground. Return cil first
flows through the lower framework and then back into the reservoir tark
where an internally mounted pump again moves it along at up to 2500 rsi and
8 gal/min to the HSD-R IT.

The hydraulic unit is designed for an intermittent stake drivirnes and
retrieval duty cycle and cannot, without the addition of a heat exchanger,
be used for continuous duty operation at temperatures above 30°F.

The major problem with the power supply has been with muffling -he
exhaust from the 26-hp internal combustion engine. Several muffler ~vj«.
have been tried without a satisfactory reduction in noise. GCther muf€ierc
will be investigated at a later date in an effort to achieve what i: -~-r-
sidered an acceptable noise level.

The HSD-R TI was received at CRREL ir March 1973 after it was i:sie-.
and tested in January at the Team Corporation facilities in Los Anevlrs5. A°
CRREL, the HSD~R II was retested to determine its abilitv to drive 11 -17 /°
stakes into both saturated Ottawa sagd (bulk density 124 1b/ft’) ari “ar-
chester silt (bulk density 11k 1b/ft°) frozen at -20°C., Cix staker were drive:
12 in. into each of the two soil types. The average driving tire waz 47 see
in Ottawa sand and L0 sec in Manchester silt. All stakec were re+tricved ir
under 30 sec after having been allowed to freeze back for 297 min. Thensw
driving-retrieving results satisfied the driving requirements of the cuintract,
Further stake driving tests in various types of frozen sround are deciratle.

In addition to stake driving, the HSD-R II was used to drive a 1-1/
in. electrical conduit into in-situ Hanover silt (-0.3°C), freshwa-er ic
(-11°C), and lake mud and clay (-2°C). The objective of this drivinrs w=
to determine the feasibility of using the HSD-K II for ceorins. The conuuis
was rigidly attached to the piston because it was believeld that this =cie

of operation would be less likely to disturb the soil sample carturei withir
the conduit; this has not yet been verified. In the Hanover sil*, it was
possible to consistently drive the conduit to a depth of 2 ft in 7 tc 8 sec.
The rate in the hard freshwater ice was very rapid, 10 sec/ft. Drivines in ti.
stiff, overconsolidated clay was slow in comparison, at approximately 3-% |
min/ft. The soft lake muds were penetrated to a depth of T ft in less than
10 sec.

b
lo=
€

Samples of the cores obtained from the Hanover silt are shown in
Figure 17. The outer surface of the core was thawed by the heat generated
hetween the conduit and the soil during driving. However, when tre core
was snapped in two it was found that the disturbed zone around it was about
i/8 in. thick and that the center of the samvle was still at the temperature
of the ground from which it was removed, A oroperly designed core barrel




FIGURE 17. Core samples of frozen Hanover silt. The outer 1/8 in. of
these cores was thawed during drivineg of the core barrel.

may eliminate much of this melt zone around the soil and improve the
overall guality of the core.

To sample the lake muds, the rapidly deteriorating ice cover of a
nearby lake was used as a platform. The drilling operation is shown in
Figure 18. The conduit was vibrated through the ice cover and then into
the muds below. The warm, deteriorated spring lake ice cover offered
very little resistance to penetration. Samples of both the ice and
sediment penetrated are shown in Figure 19. The entire depth of sediment
penetrated was not retrieved when the conduit was vibrated back up out
of the mud. It is believed that suction at the base of the conduit
effectively prevented complete core recovery. A proverly desiened core
barrel should overcome this difficulty.

The ice samples obtained as a result of our driving tests in the
hard freshwater ice were of poor quality. In reneral, they consisted of
shattered ice pieces. ™his was attributed to the fact that freshwater
ice at -11°C is quite brittle and easily shattered. It is not difficult
to visualize how the vibrating conduit could have fractured the ice at
the tip of the conduit and, once the ice was captured with the conduit,
how continued tube wall vibration may have raused additional ice shat-
tering. Tt is believed that much nf the shattering experience could
have been eliminated by using an electrical conduit 3 or more in. in
diameter.
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FIGURE 18. Driving a 10-ft-long, 1-1/L-in.-0D electrical conduit through
the lake ice cover into the bottom sediments using the Hydraulic
Stake Driver-Retriever TI.

FIGURE 19. Lake ice and bottom sediment core samples retrieved using the
arrangement shown in Figure 18.
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The stiff clay was the most difficult of the four materials to pene-
trate. Heat generated during the driving thawed the clay, turning it into
a thick, viscous goo which was difficult to vibrate out of the conduit when
the conduit was removed from the ground. The slow driving exverienced in
the clay was not unexpected because resonant and vibro pile drivers are -Tten
slowed to unproductive penetration rates in stiff clays and clay silts.
Azain, a properly designed core barrel might have improved the quality of
the core obtained.

et ot

During our preliminary driving trials, it became apparent that tes:
stake and conduit penetration was being achieved at what was ''sensed" tc
be in the range of 125 to. 150 Hz. In other words, the HSD-R II was more
efficient at the lower frequencies then at the higher frequencies. To
verify this observation and to learn more about the force and double am-
plitude response of the HSD-R II versus frequency, it was decided to rer-
form a laboratory evaluation of the tool. A statement of the results of
displacement measurements on the HSD-R II and an analysis of those results
follows.

Measurement System

Since displacement was the only measurement to be made, a linear
motion potentiometer (LMP) and a linear variable differential transforme:
(LVDT) were considered as transducer elements. The LMP was relected,
since the higher frequencies of overation would have caused overheating
of the resistance element, possibly leading to erroneous reading and
] even damage to the IMP; the "whioping action" of the knife edge on the
resistance element at the higher frequencies would have led to an ex-
cessive noise level on the signal output, especially when small displace-
ments were being observed; and the small displacements expected would have
required an LMP with a relatively small stroke renge and hence no allcwance
to prevent damage from overshoot when the HSD-R II was starting or stopring.
An LVDT has none of these problems and in addition is a more sensitive
system; therefere, an LVDT with a measurement range of +0.3 in. and a irive
frequency of 2500 Hz was chosen as the primary sensing element.

A =tatic calibration of the LVDT, using a calibrated micrometer =nd
a digital voltmeter readout, established that 1.0-V change in the outpit
ef the LVDT corresponded to a change of 81.08 mils on the input and that
the linearity was well within 1% of full-scale output. Unfortunately, there
was no puarantee that a static calibration could be used for measurements
up te 300 Hz. Therefore, it was decided ton run a check channel initially
3 in order to establish that the LVDT was riving valid measurements at the
hizher frequencies. The check channel waz a capacitive sensor (sensinc
chanFe in cavacitance as the piston extension moved in and out of a metal
collar around it). This capacitor probe had a much smaller sensitivity than
] the VDT (1.0 mV for a 1.38-mil displacerent), but had a drive frequency of

in




800,000 He and theretors a much better frequehey resvonse., Tne senoi

CILIVLATY

o’ the capreitive probe was also cstablished by n ctatic calibration.
Tnitial tects were run, using the sensors described ahove, 2 dun. renm
ozcilloscope with 1.0 m¥/em sensitivity as a readout device, and th
mobile ‘envine as a driver. These tests established that the static culi-
bration of the LVDT was wvalid at frequencies up to at least 320 Hz Sio-

placement measurements made with the LVDT and the capacitive sSensor an
within 107 of each other; however, -he LVDT was much more sensitive a:d
therafore was considered to be the more accurate, the capacitive senzo
serving merely to corroborate high-Irequency response.

No other conclusive results were cbtained frcm these tests and they
proved to be generally unsatisfactory since: ’

1. The hydraulic rump heated up very quickly, necessitating short
runs with long waiting periods in between. )

2. Changinyg drive frequency on the HSD-R II changed the loadings con-
diticas of the drive motor, causing it to change speed with 2 resultanz
chanre in onerating pressure.

3. 'Bof“ ol the- above “Ondl sions resulted in extramecly unstadle oo2illo-
gecne traces, . which were difficult to read and nearly impossible tc rheto-
sraph. - )

feonuse of the problems notec, a 5~hp DC motor with speed control

- was used in Ulace or the internal-combustion engine as a driver for ihe
“uydequlid pump. Althourn only a 1000-psi line pressure was vossidble wizh
this system, it proved tc be much more stable and was therefore used o tuke
. the duta shown in Figure 20a. - Both frequency and amplitude were Trem Ticto-

cravhs of the oscillescope traces.

Analysis of Results

The d: ferentla¢ eouatlon for the motion of the piston is

[p]
' Woay .
- LRI A ky = F sin wt
e dat max
© dt

3
o
4]
=~
[p]
=
(]

- woight of the piston "

7 2 sravitaticonal acceleration, 32.2 ft/sce”

= coefticient of {riction

= soring conctant associnted with the hyvdraulic Tluid

y = displacement of the piston Trom a contor position
= peak Torce anplied to the piston. either forward or reverse

< KD
0o

w = anculayr velocity of the piston in radians
t = time, see. : : '
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FIGURE 20. Mecasured data and manufacturer's data from

HSD=-R II bench test.
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i JiTferential equation may be solved in the usual manner by

finding a peneral solution and a particular solution (gometlmoo called

transient and a steady-state solution}. However, in this case only

e steady-state rosponse iz of interest, and therefore the solution for

tne transient response can he omitted. .
Tallawine the usual methed for solving differential equations of

this wupe, the solution is assumed to be of the Torm: )

z

Y = A cos wt + B sin wt

wnere ¥y = displacement amplitude
A anl B = coanstants of integration

nenge Y' = «Aw sin wt + Bw ccs wt
; \ort 2 2 .
and YW = -Aw cos wt - Bw sin wt.

W, o2 o e D i .
L {-AawS cos w¥ =TT 3in wt) + c(~Aw sin wt + bw cos wt)
- :
T + x{%coswt +Bsinwt) =F sin wt
max
.. o3 g -
- = AW eo3 Whi- = 5T o3in wn - Acw sin wt + Bew cos wt
! s
o .+ Ak coz wt + BX sin wt = ¥ sin .
; . : max
RS Y ing sine and cosine terms to form

and Drmay now be solved by eguat
{ ; im

innn wnich may e sSolved cimultaneosusly: '

- . E
Two ocuat

. .
- 5 W 2 B
- L # Bow+ Ak = C or (K~ A + ewB = 0. k-
- £ E

F = 7
max £ max

A A




k-—-w A
~CWA - o = Fmax
W c
(x - 2 42)
Aj-ew - —Ee—_ L7 :
cw max
7 P
A= max - “max "¢
2 2
W o
(x - ¥ 2 P2 - - ¥ L2y
- W = - . € .
cw
. , v
W , v
-(k - = %) F we -(k - Hwz)F‘ (x # g )Frrax
3 = z < max - g max _ _
ew 2 v 22 22 v 2° 22 vo2,°
we - (k-—=w -w - {(k - =« vet + (k- z v )
, 't,
Therefore, the steady-state sclution is: )
A A W 2
F'  owe (k - —w . ,
Y(t) = DEX 5 cos wt - nax 5 sin wt
- . 1, ’ A4
w2 - (k - ¥ O (x - ﬁ-w2
Foo(k - gwe)*- o we
= > sin wt - cos wt.
4.w2c2'+. (k-,—%’-wz)' ' w2c2+ (k—ﬂ 2)
& g
%ﬁis equation ﬁay te written in the form:
" - W 2
F v (k- 5W°) sin wt -
Y(g) = ——Bax : : g _ we_Cos wi e .

14

. 2 : 2 2
Vwec‘2 + (k - §w2) , 22 + (x - g' w?) ' szcz + (k - gw2)

Looking at the expressions inside the brackets, the algebraic terms can be
represented as sides of a right triangle as follows:

* 4

WwC

3%



Utilizing this triangle, Y(t) may now be written as:

(sin wt cos ¢ - cos wt sin ¢}

and by taking advantage of the trigonometric identity: "sin (x - v) =
sin X ¢o53 ¥ -~ cos x sin y

Y(t) = — I sin (wt - ¢) (1)
2
- 1,
‘chce e e X2
g
; . we .
wnere & = arcsin
2
2 - b
) Jw2c"_+ {x - g-wg)

Sinoe Y(

t) has been measured (resulting in the lower curve o Tig
the eguat

28a), £ox-may be used to determine the Tforce aonlied to
victeon as afunction of frequency T {cince w = 23F). However,
Tor k, W.and ¢ must te established. The value of k is availahle
the manufacturer ¢ +he nvdraulic fluid (26,800 1u/f+4), the weis
the ris tor in avaiiable from.the manufacturer (3.2 1b), with 3.
£t wake 4 tntal of 9 1b for the measured data shown in Tigure 2
eTTidient of friction plus other energy losse

value of o [+he coelf
r¢locity ) is not directly obtaLnable.

Y

A value Tor ¢ may be determined as follows:

1. Disnlacement data are available from Figure 20a as u Jwacticn o7
o : &
Trequency and for each point they may be written in the Torm

L

(e}
O

a{t) = Y sin wt
max

148

‘ A + peak to deak
where - .Y = e

3 max 2

2n

. and . W

Jiace tne derivative of displacenent va time is velocity:
aly sin wt)
TN
' at ‘max




oty veloeity b onny frequency is ow Limes the displocement,,  Morcover, it
Lhe displacement 10 In root mean square (rms) ©t, then w times iL wili b
rms velocity in twob/second. A plos of rms velocity versus frequency iso
shown in Figure 20b.  The curve shows a maximum or resonant condition at
a specific frequency (45 Hz for curve of measured data and 79 ¥z “or
curve of manufacturer's data).

2. Hmuation 1 may be differcentiated with respect to %ime in order
to obtain 1 velocity equaticn. This velocity eacuation may then ove
differentinted with rospect Lo w, and set equal to zero in order to
determine at what “regquency the maximum velocity will occur. Bu% .ince
the Trequency is already known (Fig. 20b), this equaticn may be used to
solve for c, the ccerficient of friction plus other velocity-reclated
losses.

?rocecdings with the differentiation of the displacement equation:
=

. ‘max .
Y sin wt = - sin (wt = ¢)
MmAaX
22 w27
T )
wel 4 (k-7 W)
g .
aly . sin wt) . w E
. L el
velocity = = cos (wt - @)

.
'
n
14V
n
~——

s velocity = v =
: : v rm

+ ¥

% Je
b
+
!
=
=

NRY

Locking- at this equation, the velocity will be maximum when the denom?
is ninimun. The denominetor will be minimwa when the term under the radica’
is wminimr.  This minimum will cccur at the frequency where the derivative
of the exnression with respeet Ta w ic set egual to zero. Therefore,

ey
L L

N

. o L2 Wk~ Wb
d [wgc"+ L - Hk wd + — W ]
. ] £ 2
. .7 - 0

- aw
i ‘ N P
o W 1“3
K 3
v-b =w+rbh—=w =0
AN f"-
Wp '
S s . 7y
: K 2
w(2c" - h-%— + b —w) =0
¥ .{?\.‘4
“1
-~ c e
Lt e MR WD

36

[TV

AT WG e b I A o i LD et

&R e,

.




o= a2 LS - 2 H: w2
a4 P
£

is ¥nown to be L5 Hz,

e}
']

but since w = 277 an

+

oxw_gwﬁ
- 32.2 32 22

[¢]
|

1]

L9.9 =~ 50 1ov/ft-sec.

Performing the same calculation for data supplied by the manufacturer,
where  1s 75 Hz and W = 3.2 1D,

¢ = 30.7 1b/ft-sec.
With the coefficient of friction determined, eg. 1 may now be used
to determine the force applied to the piston as a Tunction of frequency.

These calculations were performed and resulted in the curves shown
ir Figure 2Qc.

A much more important parameter than force is enerry, since this is
actually what is required to,drive the stake. The general eguation for
F x Vv
; 55G
Horsepower may e integrated over one time period T in order itc find averaze
{or rms) horsepower. Therefore,

norsepover iz . In the case of recivrocating motion, the instantaneous

z

TF- cin (Wt - 6) v cos wt
maXx

D = = max
‘{P“T'/ : 550

0.
= T .
rrax v"Iax 1
. d. 1 L .
T = sin (wt - ¢) cos wt
“'550 T ¢
. i (]
o e A . . _ 1 . \
Wnen using the trigonometric identity, sine o cos 8 = 3 sin {a + 3} +

%)

v T
) 1 . .
> x 550 E-;I~ sin (wt - ¢ + wt) + sin (=¢)

v
- _max  max i1
2 x 550 [T

oﬂh_\

c
: 3

v

e

=

1

o

+

JT'—sin (—¢)fdt]
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bl

F v
max e ~-ros |

)

1
T

- D,
2 x 550 2w

]

O
Fmay VNPX 1
up = aX _ may _
H > x 55¢ z (cos 2wt cos

and, putting in limits,
F v '
max max 1

Y

P =

2 = 550 2wt

%:sin¢ (o-f:-)] .

(cqs d - cos

D . N W
But, 7=~ (f.e., 270 Fwor I =5==
= ~e r
g2 =1 maz max . 1 (cos
- - = c - 03
2 x 550 2wt R
Sincercos LT = 17and sin v = O,
v g s
qp 4 ot max {cos
2 x 550 o ¢
N, .
B \ : ®
Y Mg . \ ™G
= {sin ¢) = —=

Tmic o egquation
imporrant, but 't n
Tf”thereﬁérgy avrailable
auency, ' Y

the mhasc
to drive the
the curves
1g& availablie at
the stake driver

hould be overatcd.

All the data -used t: construct the curves are snown in

Nther pointz which can be made from this anal

.

L.
D
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r, by the trigonometric identity cos (x - y)'

¢

3|

™ms

0

a Tunction of fre-
Tne curves show that the mos:t eneryy
in% where

+

@)

+

+

cos ¢ -

\
t)

T
(=) (637

cos y + sin x sin y,
4
T 1 li
sin ¢) - % sin ¢ (t)
: c]

§
sin 2wT sin &)

%1); therefore,

Z cos ¢) + sin ¢

not only are the force and velocitwy

The 4hishest resonant freaguency for HSD-R IT is & function
pressure, piston and load, ete., and was Tound to be under 100 Hz.

.

o

. 27 . .
¢ - sin 2w ;4-51n ¢) + sin

sin ¢.

"+
of the piston

anmle between them is ezually imporiant.
s-ake is plotied as
FTigure 203 result.
résonant irequency, and therefore this is the vo

Tables T and 1.
is of the Jaty are:
oT hyaraul
Thererore

€%

[ S — |
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TARLE 1.

K

W

Peak~to-~
Peak
Disvlace-

ment {in.)

Lo

50
75

130

] (=]
- i o
O N

-
N

i
«
(@]

0.201

0.138
0.395

0:350

0.025

o
]
no
=
(@]

O
.

(@]
i
1=

26,800

9 1b

Displ

[

0.74 x 107>
0.13ix 10
5.72 % 1072
0.71 % 167"
0.89 x 107>

P

LiT.T
332.8
268.5
316.3
391.6
480.6
5T4.6

670.C

L}

50 1t/ ft-sce

ks

33.7

Mensured Datn rrom HESD=R TI Bench Tent

(&)
N

[BAN -1
(8 [

=
(W3}

Q o =
X (92] (@]

-
O




TABLE TTI. Manufacturer's Data from HSD-R II Bench Test

K = 26,800
W=3.21b
Peak-to-
Peak Disvl
Displace- ms
£ ment (in.) (rt)
25 0.500 1.7 x 1073
50 0.357. 10.52 x 1073
75 0.257° 7.57 x 107>
100 0.180 5.30 x 107
125 0.122 13.60 x 10
159 0.089 :  2.62 x 10
ars o.oje 2.2 x 10
200 0.058 1.71 x 1073
225 5,049 1.k x 1070
250 0.0k 1.30 x 107>
275 0.081 . 1.2l x 1073
300 0.040 1. -3

¢ = 30.7,1b/ft-sec

£= 15

Lrms ¢ Vrms

{1v) (°) ft/sec HP
3649 11.2 2.31 0.30
205.5 29.6 3.30 0.61
115.2  T1.9 3.57 0.71
121.6 57.2 3.33 0.62
151.5 34.9 2.83 0.45
178.0  25.2 2.47 0.3k
210.4 19.9 2.33 0.30
232.1  16.5 2.15 0.26
255.2  1k.2 2.03 0.23
260.8  12.L 2.0L 0.23
332.8 11.1 1.93 0.23
391.0  10.0 2.22 0.28

Lo



the valve to control frequency should have its best resoluiion and control
at Trequencies from about 125 Hz down to around 25 Hz ir. order to provide
best performance.

2. The btest method of driving a stake is 40 establish and hold =
resonant condition. This is most readily accomplished by loosely counling
¢ iston to the stake so that the piston is alliowed to vibrate at its
own natural {requency and couple energy into the stake by impact. 17 ihe

stake i3 rieidly coupled to the piston, then the friction between the

stuke and the ground becomes part of the coeftficient of friction in the
equations and tends to force the system out of resonance as the stake

starts to penetrate. Alsc, once the friction forces between stake and
ground vecome rign, the-effect is the same as if the mass had been increased
oy the weight of the soll, which again will cause the system to go scut ol
resonance. :

3. The "load" determines the energy drawn from the system. Therefcre,
increasing the energy ava1lao¢e (such.as increasing line vpressure or using
a larser horsepower enzlnu) does not increase or improve performance. If
sreater erergy out is desir Pd the "load" must be increased by increasing
the mas3 of the piston. This increased masc lowers the resonant frecuency
until wltimazely it is so low as to be uncontrollanle {(a hydrazulic fluié
with a larrer "sbring constant" ¥ would partially compensate Tor this effect
The foresmoiny statements are demonsirated by the ecurves in Firgure 20 3
_ more enery ‘is‘available when the system is operzted at 1000 =3i
'5-np electric motor and with a 9-1v piston than when it is overa
psi.wizn & 15-np gasoline engine but with only a 3.2-1b piston.

data curves show "dips" in output at advout 175 E
ssuned to be caused by a rvdrauvii

do not .show up in the manufacturer's curves.
r

, slacem el ere taken bV “he manufaciurer at around 175 Hz:
+hereTora, nis curve would be etoected to be much smoother. Tn any case,
179 Hz i3 well above the rescnant Treguency znd is of 1little practicsl
intorest. T

DISCUSSION
‘ From this limited Zeit and evaiuation of the tools, it may be concluded
that £he MG 321( )G Ballistic Hammer znd the lightweisht Maruzen Mini=7S

i
cars not adegquaie fos the driving of GP-112/G or larger stakes into hard
~rocen sround. It was found that the Piongjar ER-80 and the Atlas Corco Jobra
nreaker-rock drills were effective in drivine GP-112/G stakes into satucat
silt and Ottawa sand frozen at -20°C. The Power Sledge Electric Rrexwer a
arpenred to be more than capadle of driving GP-112/G stakes into frozen ov
Lt further evailustion is necessary in order to verify this.
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The nydraulic stake driver-retriocver was found capable of not. only
driving but retrieving GP-112/G stakes from frozen soil. The evaluation
of this first-generation tool revealed that certain design chanres should
ve incorporated into a second-generation tool. These changes would
specify an even lighter tool weight of LO 1b versus 48 1b as at U?e"ent a
lower frequency range of 20 to 150 Hz versus 20 to 300 Hz as at presen
A double tip amplitude of 0.2 in. at 100 Hz and 0.1%5 in. at 150 Hz, a
piston weight of-5 1b versus 3.2 1b now and a more positive control system
for varying the frequency of the tool. These changes should markedly
improve stake driving performance. .These design changes are only of a
preliminary nature and are subject to further review and state-of-the-art
considerations.

Tn short, as a result of this exploratory program, the military can
be made aware of commercial tools that are readily available and that can
be used to drive GP-112/G stakes into hard frozen ground. Further testing
would determine the cize range of military stakes that these tools could
be exnected to drive. In addition, a first-generation hydraulic stake
driver-retriever has been developed that can both drive and reirieve GP
112/G stakes from frozen ground. Further development of this tool w;ll
result in a lighteér, more compact and more powerful unit.

The first-gemeration hydraulic stake driver-retriever was also found
capablc of extracting core from Trozen soil, lake bottom sedimenis and
ice. wever, proverly designed core barrels are needed to improve the
quaiimy.o.‘the core ottained.
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